To examine the patterns and predictors of third-degree and fourth-degree laceration in women undergoing vaginal delivery.
OBJECTIVE:
To examine the patterns and predictors of third-degree and fourth-degree laceration in women undergoing vaginal delivery.
METHODS:
We identified a population-based cohort of women in the United States who underwent a vaginal delivery between 1998 and 2010 using the Nationwide Inpatient Sample. Multivariable log-linear regression models were developed to account for patient, obstetric, and hospital factors related to lacerations. Betweenhospital variability of laceration rates was calculated using generalized log-linear mixed models.
RESULTS: Among 7,096,056 women who underwent vaginal delivery in 3,070 hospitals, 3.3% (n5232,762) had a third-degree laceration and 1.1% (n576,347) had a fourth-degree laceration. In an adjusted model for fourth-degree lacerations, important risk factors included shoulder dystocia and forceps and vacuum deliveries with and without episiotomy. Other demographic, obstetric, medical, and hospital variables, although statistically significant, were not major determinants of lacerations. Risk factors in a multivariable model for third-degree lacerations were similar to those in the fourth-degree model. Regression analysis of hospital rates (n53,070) of lacerations demonstrated limited between-hospital variation.
CONCLUSION: Risk of third-degree and fourth-degree laceration was most strongly related to operative delivery and shoulder dystocia. Between-hospital variation was limited. Given these findings and that the most modifiable practice related to lacerations would be reduction in operative vaginal deliveries (and a possible increase in cesarean delivery), third-degree and fourth-degree laceration rates may be a quality metric of limited utility. 
LEVEL OF EVIDENCE: II
T hird-degree and fourth-degree vaginal lacerationstears that occur during childbirth involving the anal sphincter and the rectal mucosa, respectively-are a complication of vaginal deliveries that are relatively common when operative delivery is performed. [1] [2] [3] Sequelae of third-degree and fourth-degree lacerations include persistent anal sphincter defects resulting in fecal urgency and incontinence. 4, 5 Besides forceps and vacuum delivery, other established risk factors include nulliparity, second-stage labor abnormalities, midline episiotomy, and large birth weight. 1, 6, 7 Given the long-term morbidity associated with third-degree and fourth-degree lacerations, prevention of these complications is an important clinical goal. The Agency for Healthcare Research and Quality has proposed third-degree and fourth-degree laceration rates in operative and nonoperative deliveries as patient safety indicators. 8, 9 Experts in patient safety have advocated using third-degree and fourth-degree laceration as a quality measure indicator. 10 The Joint Commission included third-degree or fourth-degree laceration in its 2002 Pregnancy and Related Conditions Core Measure set along with inpatient neonatal mortality and vaginal birth after cesarean delivery rates, and the measure was subsequently endorsed by the National Quality Forum in 2003. 11 However, concerns have arisen regarding the preventability of third-degree and fourth-degree lacerations and their validity in measuring quality. Endorsement was subsequently withdrawn by the National Quality Forum citing concerns around unreliable data (health care providers being encouraged to not code partial third-degree lacerations), a majority of risk factors not being amenable to prevention, and no interval change in laceration rates after 2003, when laceration rates were adopted as a care quality measure.
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Despite the potential importance of third-degree and fourth-degree laceration as a quality measure, little is known about how hospital-level and patientlevel demographic, medical, and obstetric factors affect incidence of this complication. The purposes of this study were to 1) better characterize factors associated with use of third-degree and fourth-degree laceration and 2) describe hospital-level variability for these delivery complications.
MATERIALS AND METHODS
Data from the Nationwide Inpatient Sample from the Agency for Healthcare Research and Quality were used for this analysis. The Nationwide Inpatient Sample, the largest publicly available all-payer inpatient care database in the United States, contains a random sample of approximately 20% of discharges from all hospitals within the United States. The sampling frame from the Nationwide Inpatient Sample includes nonfederal, general, and specialty-specific hospitals throughout the United States. Sampled hospitals include both academic and community facilities. Institutional review board exemption was obtained from the Columbia University institutional review board. Given that the data are fully deidentified and have been reviewed by the Columbia University institutional review board, subsequent analyses by our group have been deemed exempt through 2015.
Women 18 years of age or older and younger than 50 years of age who underwent vaginal delivery between 1998 and 2010 were identified using an enhanced methodology to capture delivery hospitalizations based on billing and procedure codes. 12 Women with third-degree and fourth-degree lacerations were identified by International Classification of Diseases, 9th Revision codes 664.2x and 664.3x, respectively. Patient demographics analyzed included age (younger than 20, 20-24, 25-29, 30-34, and 35 years of age or older), year of delivery, race (white, black, Hispanic, and other), and insurance status (Medicare, Medicaid, commercial, self-pay, and unknown). Comorbidity was estimated using an index specifically designed to assess risk of death, acute organ injury, or both in obstetric patients. 13 This index was developed by evaluating the association of obstetric, demographic, and medical risk factors in pregnant patients with outcomes such as acute renal failure, liver failure, heart failure, disseminated intravascular coagulation, sepsis, and shock among other conditions; increased comorbidity score is associated with higher risk of any of these outcomes and death. Hospital characteristics included location (urban, rural, unknown; n51,868, 1,227, 9, respectively), teaching status (teaching, nonteaching, unknown; n5623, 2,307, 174, respectively), geographic region (Midwest, Northeast, South, West; n5960, 494, 1,018, 632, respectively), and hospital size based on bed number (fewer than 400 beds, 400-600 beds, more than 600 beds, unknown; n5822, 983, 1,290, 9, respectively). Major obstetric, medical, and fetal diagnoses were included as covariates. Risk factors for third-degree and fourth-degree laceration were identified by a literature review and an iterative process and included in the analysis. These include labor abnormalities, shoulder dystocia, fetal distress and heart rate abnormalities, operative vaginal delivery, fetopelvic disproportion and suspected macrosomia, labor induction, postdates pregnancy, episiotomy, regional anesthesia, gestational and pregestational diabetes, hypertensive diseases of pregnancy, obesity, and other conditions ( Table 1) .
The primary outcomes of the analysis were thirddegree and fourth-degree lacerations. The associations between third-degree and fourth-degree laceration and clinical and demographic variables were compared using x 2 tests. To account for the influence of clinical and demographic factors on third-degree and fourthdegree laceration, we developed mixed-effects loglinear regression models. In addition to clinical and demographic characteristics, the models included a hospital-specific random intercept for the facility to account for hospital-level clustering. This analytic approach allows for determination of the effect that an individual center may have on the outcome variable. For example, two otherwise similar hospitals may have a different rate of a particular outcome because of practice patterns within the hospital. Thus, the models allowed for evaluation of fixed effects that would be expected to have a constant relationship with the outcome (eg, race, maternal age) and random effects in which the relationship between the variable and outcome may vary (the effect of delivery in an individual hospital).
We calculated between-hospital variation to evaluate the variation in third-degree and fourth-degree laceration across hospitals after accounting for the influence of individual patient, obstetric, and hospital characteristics.
14, 15 We used a stepwise approach starting with a regression model, which contained no covariates Unauthorized reproduction of this article is prohibited. Unauthorized reproduction of this article is prohibited.
and included only the hospital-specific random intercept term. We then developed a fully adjusted model incorporating all observed patient, obstetric, and hospital characteristics. We further evaluated between-hospital variation by calculating hospital-specific rates of thirddegree and fourth-degree laceration using the generalized linear mixed model following adjustments for patient, obstetric, and hospital characteristics. We estimated hospital-specific rates of third-degree and fourthdegree laceration using Empirical Bayes predictions. It has been shown that Empirical Bayes predictions tend to bring hospital rates toward the mean. Estimates are based on sample size so bias is limited for hospitals with a small denominator. 14, 16 We then plotted these rates by ranking each hospital by its predicted probability of third-degree and fourth-degree laceration. We calculated overall probability of third-degree and fourth-degree laceration with 95% confidence intervals (CIs) averaged across all hospitals. Finally, we performed a sensitivity analysis by removing all operative deliveries from our model and repeating the analysis with third-degree or fourth-degree laceration as the primary outcome. The generalized linear mixed models were implemented using the GLIMMIX procedure. All analyses were performed with SAS 9.3.
RESULTS
Of 7,096,056 women who underwent a vaginal delivery in 3,104 hospitals and were included in the cohort, 3.3% (n5232,762) experienced a third-degree laceration and 1.1% (n576,347) experienced a fourth-degree laceration. The rate of lacerations declined during the study period (1998-2010), from 4.0% to 2.5% for third-degree and 1.7-0.6% for fourth-degree lacerations. Associations between third-degree and fourth-degree laceration and patient demographic, obstetric, and medical factors are displayed in Tables 1 and 2 . Major determinants of third-degree laceration included forceps with (18.3%) and without (19.3%) episiotomy, vacuum delivery with (12.5%) and without (8.1%) episiotomy, shoulder Unauthorized reproduction of this article is prohibited. Unauthorized reproduction of this article is prohibited. dystocia (7.6%), fetal distress (7.2%), and long labor (12.3%). These risk factors were also associated with higher rates of fourth-degree laceration. In comparison, demographic variables and episiotomy without operative delivery were not major predictors of third-degree and fourth-degree vaginal laceration. Comorbid obstetric risk was not associated with clinically significant increased probability of third-degree and fourth-degree vaginal laceration. Conditions such as pregestational and gestational diabetes, maternal cardiac disease, obesity, and hypertensive diseases of pregnancy were associated with similar, decreased, or marginally increased rates of lacerations. In multivariable models of factors associated with third-degree and fourth-degree lacerations, vacuum and forceps delivery retained significance. For fourth-degree lacerations, risk ratios (RRs) for forceps with and without episiotomy were 10.6 (95% CI 10.3-10.8) and 8.8 (95% CI 8.5-9.1), respectively, and vacuum delivery with and without episiotomy were RR 7.4 (95% CI 7.3-7.6) and RR 3.3 (95% CI 3.2-3.4), respectively ( Table 3) . Risk of third-degree lacerations was similarly increased with vacuum and forceps deliveries. Other factors associated with increased risk of fourth-degree laceration included severe preeclampsia or eclampsia (RR 2.5, 95% CI 1.8-3.6), shoulder dystocia (RR 2.7, 95% CI 2.6-2.8), episiotomy without operative delivery (RR 1.7, 95% CI 1.6-1.7), and commercial insurance (RR 1.2, 95% CI 1.1-1.4). These factors also were associated with risk of third-degree lacerations. Black race was associated with decreased risk of both third-degree (RR 0.6, 95% CI 0.6-0.6) and fourth-degree (RR 0.7, 95% CI 0.7-0.7) lacerations. Data are risk ratio (95% confidence interval). All of the variables in the table were included in the multivariable analysis. Risk ratios for each of the demographic and hospital-level variables are reported in relation to a referent. In the case of a binary outcome in which a condition is present or absent, risk ratios are reported with absence of the condition as the referent.
The overall risk-adjusted means for all hospitals in the model (n53,070) was 1.1% for fourth-degree lacerations and 3.0% for third-degree lacerations. Betweenhospital variation in third-degree and fourth-degree lacerations is displayed graphically in Figures 1 and  2 , respectively. Each hospital was ranked in ascending order on the X axis by the mean probability of laceration at that hospital over the study period. Variation in the model was limited: 9.4% of hospitals had a 95% CI above an adjusted third-degree laceration rate of 4.0%, and 5.6% of hospitals had a 95% CI below an adjusted third-degree laceration rate of 2.0%. The remaining 85.0% of hospitals had a third-degree laceration rate 95% CI that fell between 2.0% and 4.0%. Similarly, 93.3% of hospitals had a 95% CI for adjusted rate of fourth-degree laceration that fell between 0.5% Hospital identifi cation Predicted probability of fourth-degree laceration (%) and 1.5%. 6.1% of hospitals had a 95% CI that was above 1.5%, and 0.6% of hospitals had a 95% CI below 0.5%. In an adjusted model excluding operative deliveries from the analysis (Fig. 3) , variation in combined third-degree and fourth-degree laceration rates was found to be limited: 88.8% of hospitals had a 95% CI for combined third-degree and fourth-degree laceration rate that fell between 2.0% and 4.0%.
DISCUSSION
In the setting of a continuing search for evidencebased quality metrics in obstetrics, 17 our findings suggest that third-degree and fourth-degree lacerations may be of limited value clinically. Care quality metrics should be measurable, valid, clinically meaningful, and amenable to improvement with application of evidence-based practices. [18] [19] [20] The large majority of hospitals in our analysis had adjusted laceration rates that were statistically indistinguishable when including 95% CIs, precluding meaningful comparisons between different institutions. Although care quality in regard to preventing lacerations may have varied between centers, these differences did not result in statistically observable variation. Furthermore, apart from the concerns raised by the National Quality Forum regarding data collection validity, 3 our study found that the main determinants of laceration risk were nonmodifiable obstetric complications and operative delivery. Although operative delivery ratesand particularly use of forceps-have declined recently 21 amidst an increasing national cesarean delivery rate, 22 it is unclear that indicated operative delivery should be considered an adverse quality event, especially if a patient is well counseled about the risks of operative delivery and the downstream health risks of the alternative (cesarean delivery) if expedited delivery is required. Use of third-degree and fourth-degree lacerations as an adverse quality event could further encourage health care provider use of cesarean delivery. Furthermore, episiotomy, the one modifiable clinical decision that may affect thirddegree and fourth-degree laceration rates for which restricted use is advocated, 23, 24 was not found to be a major determinant of risk in this analysis and, regardless, can be measured independently.
Prior analyses have demonstrated significant between-hospital variation in the uptake of evidencebased recommendations in obstetrics such as routine postcesarean venous thromboembolism prophylaxis and perioperative cesarean antibiotic administration. 25, 26 Our findings demonstrated minimal between-hospital variation in third-degree and fourth-degree vaginal lacerations. Between-hospital variation is variation in a practice that cannot be explained by measured factors including measurable hospital characteristics. In essence, between-hospital variability reflects hospital practice patterns, which have been shown to drive rates of other interventions. 14, 15 The fact that laceration rates did not vary significantly based on institutional practice patterns and were closely associated with operative delivery rates suggests reduction of this complication may not be an actionable target for quality improvement initiatives focused on hospital-level protocols. Furthermore, our study shows a further temporal decline in third-degree and fourth-degree laceration demonstrated by other analyses 27 in part resulting from a decrease in operative deliveries; given the decreasing incidence of lacerations, it may be challenging to make adequately statistically powered comparisons between institutions. Nevertheless, that a few centers at either end of the spectrum demonstrated particularly high and low adjusted rates suggests further investigation of strategies to reduce lacerations is warranted.
Although our analysis uses a large data set that includes patients from a cohort of hospitals representative of national practice patterns, we recognize important limitations. First, because claims data are used primarily for billing purposes, there is the possibility laceration was misclassified in some patients and that diagnoses not directly related to billing such as those related to labor were undercoded. Second, individual physician characteristics that may be an important determinant of outcome could not be captured by this analysis. Third, because administrative data do not allow for direct determination of patient attributes such as body mass index and other important information, it is likely that the prevalences of some clinical risk factors are underestimated. Fourth, statistically significant values are highly likely across comparison groups and in the majority of cases, clinical significance is better represented by the effect size rather than statistical significance alone. Fifth, our study concludes in 2010; in subsequent years, there may have been further decreases in laceration rates, a trend that our study was not able to assess. Sixth, clinical practice factors such as perineal massage 28 were not able to be accounted for in our analysis. Seventh, for some important demographic variables such as race, significant numbers of patients had missing data. Our findings regarding decreased risk of lacerations among black women require further validation. Finally, we are unable to evaluate whether third-degree and fourth-degree lacerations resulted in increased risk of long-term sequelae because the Nationwide Inpatient Sample lacks longitudinal follow-up.
In conclusion, our study found minimal variation of third-degree and fourth-degree lacerations across centers and based on demographic characteristics. Statistically significant variation is a necessary precondition for assessing the effect of hospital-based practice patterns. Our data suggest that observable reduction of third-degree and fourth-degree lacerations on a hospital level as a result of specific evidence-based recommendations or quality improvement initiatives that utilize pay-for-performance strategies, educational initiatives, public reporting of data, or all of these 29, 30 may not be feasible. Further care quality and clinical research is needed to better characterize optimal strategies to reduce the incidence of this complication including the factors that led to the temporal decrease observed in this analysis.
